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DECORRELATING RAKE RECEIVER 
APPARATUS AND METHOD 

FIELD OF THE INVENTION 

This invention relates in general to Wireless communica 
tions devices and more speci?cally to apparatus and method 
for facilitating decorrelating rake receivers in such devices. 

BACKGROUND OF THE INVENTION 

Wireless communication devices or units such as sub 
scriber devices and base transceivers providing data and 
voice services for users operating in corresponding systems 
are knoWn. As these systems have evolved more sophisti 
cated encoding and modulation schemes are being 
employed. Present systems often rely at least in part on 
schemes Where orthogonality betWeen signals is utiliZed to 
distinguish a signal from all others. A classic example of 
such a system is a spread spectrum system, such as a code 
division multiple access system Where spreading codes that 
are orthogonal to each other are used to distinguish one 
signal from another. In theory When the proper code is used 
to despread the signal, the desired signal Will exhibit a strong 
positive correlation and thus be recoverable While all others 
Will simply be respread and thus contribute to interference, 
normally referred to as multiple access interference (MAI). 
In the end, MAI establishes an upper bound on system 
capacity for such systems. 

In practice, due to the vagaries of Wireless propagation 
and thus multiple propagation paths, receivers in spread 
spectrum systems often use rake receivers in order to 
recover desired signal energy from multiple paths. While the 
rake receiver approach Will increase the desired signal 
energy it Will have no impact on MAI, hence system 
capacity. Practitioners have contemplated decorrelating rake 
receivers. The decorrelating rake receiver attempts to 
increase desired signal energy and reduce MAI, thus 
improving or increasing system capacity. HoWever knoWn 
approaches for implementing decorrelating rake receivers 
are computationally intensive and typically rely on estima 
tion techniques With unknown convergence properties for 
estimating parameters. A need exists for improved methods 
and apparatus to facilitate a decorrelating rake receiver. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying ?gures, Where like reference numerals 
refer to identical or functionally similar elements throughout 
the separate vieWs and Which together With the detailed 
description beloW are incorporated in and form part of the 
speci?cation, serve to further illustrate various embodiments 
and to explain various principles and advantages in accor 
dance With the present invention. 

FIG. 1 depicts, in a simpli?ed and representative form, a 
communication system and communication devices suitable 
for using a decorrelating rake receiver; 

FIG. 2 depicts a diagram of a preferred embodiment of a 
communications device including a decorrelating rake 
receiver; 

FIG. 3 depicts a basic diagram of a prior art rake receiver; 
FIG. 4 depicts a functional diagram of a decorrelating 

rake receiver; 
FIG. 5 depicts a functional diagram of a coef?cient 

generator for the decorrelating rake receiver of FIG. 4; 
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2 
FIG. 6 depicts a functional diagram of a recursive 

embodiment for an inversion processor for the coef?cient 
generator of FIG. 5; 

FIG. 7 depicts a functional diagram of a pipelined 
embodiment for an inversion processor for the coef?cient 
generator of FIG. 5 

FIG. 8 depicts a functional diagram of a matrix formulator 
for use in the inversion processor of FIG. 6 and FIG. 7; 

FIG. 9 depicts a functional diagram of a prediction 
calculator for use in the inversion processor of FIG. 6 and 
FIG. 7; and 

FIG. 10 shoWs a How chart of a method of determining 
coef?cients for a decorrelating rake receiver. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In overvieW, the present disclosure concerns communi 
cation systems including communication devices and base 
or ?xed equipment and methods and apparatus for enabling 
and affecting a decorrelating rake receiver that may advan 
tageously be used in such communication equipment, 
devices or units. More particularly various inventive con 
cepts and principles embodied in communication systems, 
communication devices, base transceivers, signal proces 
sors, coef?cient generators, and corresponding methods 
therein or thereof for providing or facilitating a decorrelating 
rake receiver by determining, generating, computing, or 
calculating directly, de?nitely, and precisely the requisite 
?lter coef?cients for implementing a decorrelating rake 
process in a highly ef?cient, deterministic, and predeter 
mined manner are discussed and described. This coe?icient 
calculation may be implemented in special purpose hard 
Ware in integrated circuit form or preferably in a signal 
processor such as a digital signal processor executing appro 
priate softWare. The Wireless communication units are often 
referred to as subscriber devices, such as cellular phones or 
tWo-Way radios or messaging devices and the like. Note that 
the devices or units can be a variety of devices With differing 
functionality, including for example a personal digital assis 
tant, personal assignment pad, and personal computers 
equipped for Wireless operation, a cellular handset or device, 
or equivalents thereof provided such equipment or devices 
are arranged and constructed for operation in accordance 
With the principles and concepts described and discussed. 
The principles and concepts discussed and described may 

be particularly applicable to communication devices and 
systems that can provide or facilitate voice communication 
services or data or messaging services over Wide area 

netWorks (WANs) or local area netWorks (W-LANs), Where 
these systems utiliZe an access protocol that at least in part 
distinguishes signals based on orthogonality of those sig 
nals. Such systems include, for example conventional tWo 
Way systems and devices and various cellular phone systems 
that use spread spectrum access technology, such as CDMA 
(code division multiple access) technologies and variants 
and evolutions thereof. These systems may commonly be 
referred to as IS-95, 2.5 G or EDGE, WCDMA, 3G such as 
UMTS (Universal Mobile Telecommunication Service) sys 
tems, integrated digital enhanced netWorks, 3.5G, 4G, and 
variants or evolutions thereof. Furthermore the Wireless 
communication units or devices can have short range com 
munications capability normally referred to as W-LAN 
capabilities, such as IEEE 802.11, Bluetooth, or Hiper-LAN 
and the like that preferably utiliZe CDMA, frequency hop 
ping, or orthogonal frequency division multiplexing access 
technologies. 
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The instant disclosure is provided to further explain in an 
enabling fashion the best modes of making and using 
various embodiments in accordance With the present inven 
tion. The disclosure is further offered to enhance an under 
standing and appreciation for the inventive principles and 
advantages thereof, rather than to limit in any manner the 
invention. The invention is de?ned solely by the appended 
claims including any amendments made during the pen 
dency of this application and all equivalents of those claims 
as issued. 

It is further understood that the use of relational terms, if 
any, such as ?rst and second, top and bottom, and the like are 
used solely to distinguish one from another entity or action 
Without necessarily requiring or implying any actual such 
relationship or order betWeen such entities or actions. 

Much of the inventive functionality and many of the 
inventive principles are best implemented With or in soft 
Ware programs or instructions and integrated circuits (ICs) 
such as digital signal processors or application speci?c ICs. 
It is expected that one of ordinary skill, notWithstanding 
possibly signi?cant effort and many design choices moti 
vated by, for example, available time, current technology, 
and economic considerations, When guided by the concepts 
and principles disclosed herein Will be readily capable of 
generating such softWare instructions and programs and ICs 
With minimal experimentation. Therefore, in the interest of 
brevity and minimiZation of any risk of obscuring the 
principles and concepts according to the present invention, 
further discussion of such softWare and ICs, if any, Will be 
limited to the essentials With respect to the principles and 
concepts used by the preferred embodiments. 

Referring to FIG. 1, a simpli?ed and representative form 
of a communication system and communication devices 
suitable for using a decorrelating rake receiver Will be 
discussed and described. FIG. 1 shoWs a Wireless commu 
nication device 101 that is engaged in a communication With 
a radio access netWork, shoWn as a base site or transceiver 
103, as depicted by a direct signal or ray 105 and an indirect, 
re?ected, or multipath signal or ray 107. Those of ordinary 
skill Will recogniZe that practical Wireless systems Will 
exhibit a potentially large number of multipath signals, 
rather than the one depicted. Further shoWn are a multiplic 
ity (tWo depicted) of other communication devices 109 that 
are also in communication With the base transceiver and 
Whose signals occupy at least in part the same frequency 
spectrum at the same time and thus represent interference for 
the signals from or for communication device 101. This 
interference from other devices is often referred to as MAI 
(multiple access interference). 
Note that the radio access netWork or base transceiver 103 

may be part of a WAN or an access point for W-LAN and 
the communication devices 101 and 109 can be distinct 
devices With unique functionality so long as they each Work 
on the communication system. As is knoWn, but not 
depicted, the base transceiver is coupled to the balance of the 
radio access netWork and from there to some form of a 
public sWitched netWork, such as the public sWitched tele 
phone netWork, Internet, or World Wide Web and thus other 
users of telecommunications services. Generally the radio 
access netWorks, W-LAN, and WAN systems are knoWn to 
one of ordinary skill and Will not be further described in any 
detail, apart from the necessities With respect to the preferred 
embodiments and principles and concepts herein. The com 
munication units 101, 109 are also generally knoWn other 
than the modi?cations and improvements disclosed herein. 
Thus the knoWn functions and structure of such devices Will 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
not be described in detail other than as related to the 
inventive principles and concepts disclosed and discussed 
beloW. 
As a reference point suppose the communication system 

of FIG. 1 is a spread spectrum system, such as a CDMA 
system. In spread spectrum communications, such as that 
found in various military applications, modems, 3G Wireless 
communication devices and systems such as those noted 
earlier, the signals of interest are spread very Widely in 
frequency by a pseudo random spreading code. The purpose 
of the spreading code is to randomiZe or Whiten the desired 
message signal. This Whitening process effectively spreads 
the original message frequency spectrum beyond the band 
Width of the original message thereby producing a spread 
spectrum signal. Furthermore, the spreading gain helps 
immuniZe the original message from noise interference. TWo 
signi?cant sources of system noise in spread spectrum and 
CDMA systems are Multiple Access Interference (MAI) and 
receiver interference due to multipath re?ections. 

Multiple access interference refers to the interference of 
different users or devices, such as 101 and any one of 109, 
simultaneously communicating over the same spread spec 
trum channel or spectrum. This interference, While mitigated 
by the implementation of orthogonal space codes, such as a 
knoWn Hadamard or Walsh code, still fundamentally limits 
CDMA system capacity. Each transmitter-receiver pair com 
municates via a speci?c orthogonal code sequence. This 
sequence is uncorrelated With all other users or device’s 
orthogonal codes (except its oWn, of course). Thus, once 
timing synchronization is achieved, all devices sending 
signals on other orthogonal channels appear as White noise 
at the desired receiver’s antenna. Nevertheless, as many 
devices transmit simultaneously, the poWer or variance of 
the White noise interference increases the effective noise 
?oor With Which any particular device must contend. Con 
ventional rake receivers do not attempt to suppress MAI 
(noise term). Instead they take advantage of the orthogonal 
ity of different users spreading codes. The correlation With 
its oWn spreading code produces a coding gain that increases 
the S/N for demodulation. System capacity limits are 
reached When the coding gain is not adequate enough to 
mitigate the MAI appearing When large numbers of users are 
concurrently communicating over the same CDMA fre 
quency channel. 
A second major component of system noise is multi-path 

re?ections, such as multipath 107 from or for the same 
device. Conventional rake receivers attempt to utiliZe multi 
path re?ections to their advantage by coherently combining 
multi-path signals arriving at different delays. Although the 
cumulative coherent combination of multi-path signals 
increases the effective signal energy, particular multi-path 
rays at a speci?c delay also accumulate the effective noise 
poWer of multipath signals that are not used by the rake 
receivers, often referred to as non-targeted delays or paths. 
In other Words, each user’s multi-path re?ections interfere 
With its oWn targeted, delayed ray. 

The present invention, as Will be discussed advanta 
geously and concurrently (1) offers increased system capac 
ity by suppressing MAI noise through optimum ?ltering, (2) 
offers increased system capacity by decorrelating the set of 
received multi-path signals arriving at the different delays 
(3) directly and de?nitely computes the optimum decorre 
lating rake (DRAKE) ?lter coe?icients for ideal rake deco 
rrelation Without using coe?icients estimation techniques or 
computationally intensive procedures, (4) pipelines in one 
embodiment the computation of the ideal DRAKE coe?i 
cients in such a Way that the computation could produce 
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updated coefficients in O(N) time and thereby enabling the 
DRAKE processing to be applied to highly time varying 
Wireless channels and (5) proposes a ?exible architecture 
that could be easily embodied as a recon?gurable processor 
architecture or ASIC. 

Referring to FIG. 2, a diagram of a preferred embodiment 
of a communications device including a decorrelating rake 
receiver, similar to one of the devices 101, 109 Will be 
discussed and described. The communications device is 
arranged and constructed for receiving a spread spectrum 
signal and thus is shoWn as a simpli?ed functional diagram 
that includes only the relevant portions of the receiver. Not 
depicted but knoWn to one of ordinary skill is various 
functionality that may be found in many communications 
devices, such as a user interface including keypad, display, 
and audio transducers, a transmitter, frequency generation, 
and general controller elements, such as one or more pro 
cessors and associated memory for storing, for example 
operating softWare and applications. Note that the speci?c 
functionality of portions, functional blocks or elements of 
the communications unit or device can depend on the 
particular access technology and other conventions used by 
the netWork and device providers. These speci?cs of trans 
mission and reception and relevant processing are knoWn 
and therefore any further discussions Will be in generalities 
that are applicable to typical communication systems as Well 
as the principles and concepts according to the present 
invention. 
As shoWn the communication unit or device is coupled to 

and from a netWork, such as base transceiver 103 via an 
antenna 201. Signals from the antenna are coupled to and 
received by a receiver front end 202 as a composite spread 
spectrum signal. The receiver front end 202 includes: a gain 
and broadband ?ltering stage 203 that limits the bandWidth 
of the received signal; a mixer 205 that uses a local oscillator 
signal to doWn convert the signal from the gain stage 203 to 
a loWer frequency; and an analog to digital (A/D) converter 
207 that provides samples of the signal that has been doWn 
converted. Overall the receiver front end 202 operates to 
provide to a decorrelating rake receiver 209 a sampled 
spread spectrum signal corresponding to the composite 
spread spectrum signal. Note that the mixer in practice is 
tWo mixers that use a 90 degree phase shifted local oscillator 
signal to provide an in phase and quadrature (I and Q) signal 
to dual A/D converters and thus the sampled spread spec 
trum signal is comprised of complex samples as is knoWn. 

The decorrelating rake receiver 209 Will be discussed 
brie?y here and in more detail With reference to additional 
?gures beloW. Generally the decorrelating rake receiver 209 
operates to ?lter the sampled spread spectrum signal in a 
manner that optimiZes or enhances the desired signal energy 
and concurrently minimiZes or mitigates MAI due to undes 
ired signals. The decorrelating rake receiver 209 provides a 
resultant signal or composite sampled output signal to a 
despreader 211 for dispreading to provide the spread spec 
trum signal. The despread signal or spread spectrum signal 
is subsequently decoded, error corrected, etc, as is knoWn. 

The decorrelating rake receiver 209 includes a coef?cient 
generator 217 that is coupled to the input signal or sampled 
spread spectrum signal from the A/D converter 207 by an 
autocorrelation processor, unit, or function 215. The coef 
?cient generator and autocorrelation processor can be 
vieWed as a signal processor 213 that is arranged and 
constructed to determine ?lter coef?cients for the decorre 
lating rake receiver. The coef?cient generator explicitly and 
de?nitely determines ?lter coef?cients for a plurality of 
?lters 219, such that the plurality of ?lters perform a 
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6 
decorrelating rake process. The plurality of ?lters 219 are 
each coupled to the sampled spread spectrum signal or input 
signal and are arranged to accept and have characteristics 
that are de?ned by the ?lter coef?cients. The plurality of 
?lters 219 provide a plurality of output signals that are then 
combined coherently by a coherent combiner 221 to provide 
the composite sampled output signal having reduced levels 
of MAI. Note that the decorrelating rake receiver 209 and 
despreader/decoder 211 can be implemented as a DSP, such 
as a Motorola 56000 family DSP, and appropriate softWare 
or as an ASIC or some combination of both as those of 

ordinary skill Will recogniZe. The signal processor 213 may 
be particularly suited for implementation as a general pur 
pose digital signal processor that is executing softWare 
programs or instructions that are stored in an associated 

memory. 
Referring to FIG. 3, a basic diagram of a prior art rake 

receiver 300 Will be discussed and described. The conven 
tional rake receiver includes a path searcher 301 that 
depending on autocorrelation parameters determines the 
strongest feW of the various multipaths and the associated 
delay for these multipaths. The path searcher determines the 
multipath delay pro?le that alloWs each branch of the rake 
to correlate 303 its ?nger With the delayed ray arriving at the 
receiver. The output of the rake is then coherently combined 
in the combiner 305 With a speci?c algorithm such as 
maximum ratio combining. Since the conventional rake 
receiver utiliZes a ?xed set of correlation coef?cients cor 
responding to the transmitter spreading code it is sub 
optimum and does nothing to mitigate MAI. 

Referring to FIG. 4, a functional diagram of a decorre 
lating rake receiver 401 that shoWs somewhat more detail 
than Was depicted in FIG. 2 Will be discussed and described. 
The decorrelating rake receiver of FIG. 4 can be used in 
either a Wireless communication device 101, 109 or the 
Wireless communication base transceiver 103. 
As suggested above, the decorrelating rake receiver 401 

processes an input signal, x(n) 403, With a plurality of ?lters 
219 Where the outputs from the ?lters are coherently com 
bined by combiner 221 to provide an output or received 
signal Z(n) 405. The plurality of ?lters 219 are con?gured 
and operate according to ?lter coef?cients 409 provided or 
generated by a coef?cient generator 407. The plurality of 
?lters includes (p+l) ?lters hO(n) 411, hl(n) 413, h2(n) 415, 
through hp(n) 417 each arranged to be coupled to the input 
signal 403 and to accept and be con?gured according to 
respective ?lter coe?icients, represented by the vectors 1% 
lg. Each of the plurality of ?lters is preferably a ?nite 
impulse response (FIR) ?lter that is operable to provide an 
output signal and collectively a plurality of output signals to 
the combiner 221. 
The coef?cient generator 407 is coupled to the plurality of 

?lters and the input signal, speci?cally autocorrelation 
parameters corresponding to the input signal. The autocor 
relation parameters are provided by the autocorrelation 
processor 215, Which is preferably part of the decorrelating 
rake receiver although alternatively can be an entity that is 
separate from the receiver. The combination of the autocor 
relation processor and coef?cient generator in one or more 
embodiments may be vieWed as a signal processor as noted 
above With reference to FIG. 2. The coef?cient generator 
407 operates to explicitly and de?nitely determine, calculate 
or compute the ?lter coefficients for the plurality of ?lters 
such that the plurality of ?lters perform a decorrelating rake 
process. As Will be discussed and described these coeffi 
cients are advantageously ef?ciently, precisely, and de? 
nitely determined rather than resorting to estimating the 
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?lter coef?cients as in prior art techniques. The coef?cient 
generator relies on signal, receiver or user identi?cation 
information, depicted by the Cl- and Cl-H matrices 410 that are 
coupled to the generator. The combiner 221, preferably 
coherent combiner, combines the plurality of output signals 
and provides a received signal With reduced levels of MAI 
as compared to the input signal. 

Generally the decorrelating rake receiver constrains the 
?lter coef?cients for each branch (?lter) in a Way that 
decorrelates the set of multipath rays presented as the input 
signal, x(n) 403, prior to coherent combining. Due to this 
orthogonality constraint each ?nger of the combiner does 
not maintain re?ected multipath noise of its delayed self. 
Furthermore, the ?lter’s coef?cients (i.e. h(n) coef?cients) 
are not constrained to be ?xed. They vary adaptively With 
the input signal in an attempt to simultaneous suppress the 
cumulative MAI noise poWer. The optimum values of the 
coef?cients is found by solving the mathematical equation: 

7?, = arg g1 WRXE subject to CHE = [0,0, 1,0,0, 0]T = 7, (1) 

Where the term T] represents a vector of Zeros With a one in 
the l’th position With 1 varying from 0 to p. The optimum 
solution has been shoWn, using Lagrange Multipliers, to be: 

hl,opz:R;l CH(CR;I CHY 1T1 (2) 

Where C is a matrix of delayed spreading code sequences 
corresponding to the targeted i’th signal, device or user: 

01(0) 0 (3) 

and R,C is the conventional Hermitian ToeplitZ autocorrela 
tion matrix. 

Note that the matrix C is formed from spreading code 
information Where cZ-(O) through cl-(L—l) are the sequence of 
L chips of the spreading code for the i’th signal, device or 
user. Thus the ?rst column is a listing of the chips in the 
spreading code With 0s appended Where the number of 0s 
appended is equal to p+l corresponding to the number of 
?lters. Successively shifting the ?rst column doWn by one 
element and adding a 0 in the ?rst roW is used to form the 
remaining columns of the matrix C. Thus the dimensions of 
C are L+p+l roWs by p+l columns. The number of ?lters or 
p+l is usually selected in vieW of or to correspond to the 
delay spread or channel memory but may also be in?uenced 
by the amount of processing capacity available for coeffi 
cient generation and ?ltering. The delay spread is related to 
expected coverage area radius, e.g. relevant path length for 
a signal of interest translated to chip duration (inverse of 
chip rate Which varies by access technology) as is knoWn. 
C denotes C Hermitian or a matrix that is the transpose of 
the matrix C With each element replaced With the complex 
conjugate of the corresponding element of the matrix C. 

The matrix R,C is comprised of autocorrelation parameters 
and arranged such that each loWer diagonal is made up of the 
same autocorrelation parameter While upper diagonals are 
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8 
made up of the complex conjugate of the corresponding 
loWer elements. The matrix can be formed as a square matrix 

With dimension p+l by using rx(0), rx(l), rx(2), . . . rx(p) as 
the ?rst column for the R,C matrix and rx(0), rx(l)*, r,C 
(2)*, . . . rx(p)* (Where * signi?es complex conjugate) as the 
?rst roW of the matrix and then ?lling in all remaining 
elements such that all diagonals are comprised of the same 
element. The correlation parameters, rx(k) can be found by 
summing over 11 from 0 to N the product of x(n)x*(n+k), 
Where x(n) are the input signal samples 403. N is the number 
of input signal samples to sum over and is often selected as 
a poWer of 2, such as 16 or 32, for calculation ef?ciency in 
a binary processor or process. Other known considerations 
for selecting N are the relative rate of change of the input 
signal, e.g. channel, and thus the statistics or stability of the 
statistics of the samples x(n). 
Given the Cl- and R,C matrices, equation (2) can be evalu 

ated for each value of 1 from 0 to p, hoWever to do so 
requires a process or apparatus that can provide a matrix 
inverse in a computationally ef?cient and accurate manner in 
order to provide the best ?lter coefficients. Prior art solutions 
used adaptive least mean squares (LMS) or recursive least 
mean squares (RLS) techniques to estimate these coeffi 
cients. While these techniques can be computationally man 
ageable they are unfortunately subject to problems, such as 
error levels that are not guaranteed, failure to converge to an 
ansWer, unknown rates of convergence, or rates of conver 
gence that depend on error prone estimates for parameters 
that determine such convergence. 

Referring to FIG. 5, a functional diagram of the coef?cient 
generator 407 for the decorrelating rake receiver 401 of FIG. 
4 Will be discussed and described. This architecture imple 
ments or solves equation (2) for the p+l vectors of ?lter 
coefficients, each of Which Will include L+p+l elements 
representing linear predictive coef?cients for con?guring a 
FIR ?lter. This architecture computes or determines an 
instantaneously accurate optimum solution via direct inver 
sion of the proper inverse matrices Within O(N) time Which 
is as good as the adaptive LMS estimating approach. The 
coef?cient generator includes an inversion processor 501, 
preferably a Hermitian ToeplitZ inversion processor, to pro 
vide a matrix inverse, [RP]_l corresponding to the autocor 
relation parameters, E, Where the p subscript refers to the 
dimension, speci?cally p+l of the matrix inverse. The 
inversion processor is coupled to or initialiZed by the 
parameters 0, E0, and the vector AO that Will be further 
discussed beloW With reference to FIG. 9. The coef?cient 
generator basically combines according to equation (2) the 
matrix inverse and the receiver or desired signal identi?ca 
tion information, represented by the Cl- and Cl- Hermitian 
matrices to provide the ?lter coef?cients 409. 
The matrix inverse, [RP]_l is stored in a register 502 and 

applied to the matrix multiplier 503 together With the Cl- and 
Cl. Herrnitian matrices to generate the matrix YP. YP is stored 
in a register 504 and applied to a further inversion processor 
505 that preferably uses a knoWn Q-R Householder 
approach to provide [YPTl or the inverse of YP. The matrix 
inverse, [Rp]_l, Cl- Hermitian, and the inverse of YP are 
applied to the matrix multiplier 507, Where the respective 
p+l roWs of the resultant matrix represent the respective h 
vectors or ?lter coef?cients 409. 

Referring to FIG. 6, a functional diagram of a recursive 
embodiment or architecture 601 for the inversion processor 
used in the coef?cient generator of FIG. 5 Will be discussed 
and described. The recursive architecture comprises a pre 
diction calculator 603 coupled to the autocorrelation param 
eters, a and further coupled, via a register 605 for storing 
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intermediate results, to a matrix formulator 607, Where the 
prediction calculator and matrix formulator are operable to 
provide the matrix inverse, [Rp]_l. Intermediate results from 
the matrix formulator are stored in a register 609 for use in 
a subsequent iteration by the matrix formulator. This 
embodiment is relatively simple from a hardWare perspec 
tive and provides a result in O(N2) time. 

To provide the matrix inverse, the recursive architecture 
performs p iterations (j ranges from 0 to p-l) Where the 
prediction calculator is initialiZed With the parameters 0, E0, 
and the vector AO noted above. Preferably the prediction 
calculator 603 uses a Levinson Durbin algorithm to provide 
predictive information including a energy term Ej+1 and 
prediction coefficients A in the form of a vector A].+1 to the 
matrix formulator 607 and the matrix formulator provides 
the matrix inverse after a predetermined number of itera 
tions, e.g. p iterations. In summary the recursive architecture 
is operable to provide the matrix inverse by using a recursive 
process to provide the matrix inverse, the recursive process 
comprising iteratively employing a Levinson Durbin algo 
rithm and the autocorrelation parameters to provide predic 
tive information and iteratively formulating a sub matrix 
using the predictive information to provide the matrix 
inverse after a predetermined number of iterations. The 
particulars of the process used by the prediction calculator 
and matrix formulator Will be further described beloW With 
reference to FIG. 8 and FIG. 9. 

Referring to FIG. 7, a functional diagram of a pipelined 
embodiment or architecture 701 for an inversion processor 
used in the coef?cient generator of FIG. 5 Will be discussed 
and described. The pipelined architecture 701 further com 
prises a plurality of prediction calculators 703, 713, 743 and 
a plurality of matrix formulators 707, 717, 747 inter coupled 
as depicted and operable to provide the matrix inverse, 
[Rp]_l. Intermediate results or predictive information are 
stored in pipeline registers 705, 715, and 745 for outputs 
from the respective prediction calculators and in pipelined 
registers 709, 719, 749 for outputs from the respective 
matrix formulators. 

Each of the prediction calculators uses a Levinson Durbin 
algorithm to provide predictive information to a correspond 
ing one of the matrix formulators With a last one of the 
matrix formulators 747 providing the matrix inverse. 

Essentially the architecture from FIG. 6 is duplicated p 
times in the pipelined architecture and intermediate results 
are provided to a subsequent portion or stage of the hardWare 
as soon as available. This alloWs a matrix inverse to be made 

available in O(N) time but is more hardWare intensive than 
the recursive architecture. In summary the pipelined archi 
tecture is operable to determine or provide the matrix 
inverse using a pipelined process to provide the matrix 
inverse, the pipelined process comprising using a Levinson 
Durbin algorithm and the autocorrelation parameters to 
sequentially provide predictive information and sequentially 
formulating a sub matrix using the predictive information to 
provide the matrix inverse after a predetermined number, 
eg p, of formulations of the sub matrix. 

Referring to FIG. 8, a functional diagram of a matrix 
formulator 801 for use in the inversion processor of FIG. 6 
and FIG. 7 Will be discussed and described. Note that in this 
diagram j ranges from 1 up to p. The matrix formulator 801 
using the inputs j, E], vector A], and sub matrix inverse [Rj]_l 
formulates, according to equation 805, the sub matrix 
inverse, [R]-]_1 807. When jrp the desired matrix inverse, 
[RP]_l has been formulated. By observation, the equation 
805 requires that tWo matrices be developed or calculated 
With the ?rst comprising the sub matrix [R-_l]_l With 0s 
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10 
added for each element in the ?rst column and ?rst roW to 
increase the matrix dimension by one for each iteration. 
Multiplying the vector Aj by Aj Hermitian and then scaling 
each element by l/Ej formulates or provides the second 
matrix, Where Aj and Ej are provided by the prediction 
calculator. These tWo matrices are then added together to 
provide [R].]_1 807. 

Referring to FIG. 9, a functional diagram of a prediction 
calculator 901 for use in the inversion processor of FIG. 6 
and FIG. 7 Will be discussed and described. Note that in this 
diagram j ranges from 0 up to p-l. The prediction calculator 
uses the autocorrelation parameters 903, shoWn as a vector, 
and the inputs 905, speci?cally j, an energy term E], and the 
vector A]. to provide the outputs 907 including the next 
iteration of the energy term Ej+1 and vector Aj+1 according to 
the initial conditions 909 and equations 911, 913, and 915. 
These equations are a mathematical description of the 
knoWn Levinson Durbin algorithm. The prediction calcula 
tor is a potentially recon?gurable processor kernel that can 
implement any speci?c iteration of the Levinson-Durbin 
algorithm. The output of the prediction calculator generates 
or provides the prediction coef?cients, vector A], and mini 
mum energy value, E]. necessary for the update of the 
iterative Matrix Inverse calculation as indicated in FIG. 8. 
Note that this calculation computes the matrix inverses as 
discussed With reference to FIG. 5 through FIG. 8. By 
observation the dimension of the vector A groWs With j and 
the number of the autocorrelation parameters that are con 
sidered likeWise groWs With j. As Will be appreciated a 
structure or apparatus performing a process or method of 
directly, explicitly, and de?nitely determining or calculating 
the optimum ?lter coefficients for a decorrelating rake 
receiver has been described. 

Referring to FIG. 10, a How chart of a method 1000 of 
determining coef?cients for a decorrelating rake receiver 
Will be discussed and described. Some of this discussion Will 
be in the nature of a revieW and summary of portions of the 
discussions above. The method is particularly suitable for 
use in a Wireless communication device or a Wireless 
communication base transceiver that are using protocols and 
modulation techniques Where the process is applicable, for 
example spread spectrum protocols, such as CDMA, 
WCDMA, IEEE 802.11, and the like. The apparatus of FIG. 
4 through FIG. 9 can advantageously perform the method 
1000 although various other structures or apparatus Would 
also be suitable for performing this method. The method 
1000 is a method of determining ?lter coef?cients for a 
decorrelating rake receiver, Where these coef?cients are 
directly determined, Which in at least some embodiments 
can also be described as being deterministically, de?nitely, 
accurately and precisely determined, according to the opti 
miZation equations (1) and (2) Without resorting to iterative 
and recursive estimation procedures for such coef?cients. 
The method 1000 begins at 1003 by providing desired 

signal information, such as the spreading code for a particu 
lar signal or receiver as Well as autocorrelation parameters 
that correspond to an input signal that includes or may 
include desired and undesired or interfering signals. Then at 
1005 the method determines or calculates, precisely and 
directly, the ?lter coef?cients for a plurality of ?lters, such 
that the plurality of ?lters Will operate to perform a decor 
relating rake process. The ?lter coef?cients are a function of 
the autocorrelation parameters and the desired signal infor 
mation. The procedure at 1005 is preferably comprised of 
additional operations With 1007 providing a matrix inverse, 
using a recursive or pipelined process, corresponding to the 
autocorrelation parameters and With 1009 combining the 
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matrix inverse and the desired signal information to provide 
the ?lter coef?cients. Then 1011 determines Whether the 
?lter coef?cients should be updated by testing t against T. 
The 1011 process depicted is merely exemplary and a 
number of factors may in?uence Whether the ?lter coeffi 
cients should be updated, such factors including Whether the 
channel has changed or rate of change of the channel 
betWeen the source and receiver, as Well as available pro 
cessing resources for calculating neW coef?cients. 

Both the recursive and pipelined process rely on the 
knoWn Levinson Durbin algorithm as discussed above With 
reference to FIG. 9 and iteratively and sequentially formu 
lating a sub matrix as revieWed above With reference to FIG. 
8. The recursive process uses a Levinson Durbin algorithm 
and the autocorrelation parameters to provide predictive 
information and then iteratively formulates a sub matrix 
using the predictive information to provide the matrix 
inverse after a predetermined number of iterations. The 
pipelined process uses a Levinson Durbin algorithm and the 
autocorrelation parameters to sequentially provide predic 
tive information and then sequentially or iteratively formu 
lates a sub matrix using the predictive information to pro 
vide the matrix inverse after a predetermined number of 
formulations of the sub matrix. 

Thus a novel and advantageous approach and structure 
has been described and discussed that directly determines or 
calculates, rather than estimates, ?lter coef?cients for opti 
mally implementing a decorrelating rake receiver. Note that 
the ?lter coef?cients that have been determined are coeffi 
cients that de?ne a FIR ?lter. The number of coef?cients that 
are determined for each ?lter correspond to the length, L 
chips, of the spreading code in a spread spectrum system 
plus the channel delay spread or memory, expressed in 
number of chips, p+l. Techniques, such as Henkel approxi 
mations can be used to convert these FIR coef?cients to 
coef?cients for other forms of ?lters, such as in?nite impulse 
response (IIR) ?lters, if the implementation of a FIR ?lter 
With this number of coefficients becomes overly burdensome 
on processing resources. 

The principles and concepts discussed and described has 
the potential to dramatically increase the capacity for Wire 
less systems utiliZing spread spectrum technology by greatly 
increasing the sensitivity of a CDMA receiver. We can also 
apply these principles to 3G systems Which utiliZe short 
spreading codes such as those proposed in 3G, 3.5G and 4G 
systems and to Multi-user detection algorithms that require 
the computation of a matrix inverse With a ToeplitZ struc 
ture. Multi-user detection has been proposed, for example, 
in Time Division-CDMA systems such as those found in 
China. Any system requiring fast and accurate computation 
of a Matrix inverse can bene?t from these approaches. Many 
advanced digital communications systems require such a 
computation for optimum performance. It is also possible to 
apply the principles and concepts to channel estimation in 
arbitrary digital communication systems. In such systems, 
the estimation of the channel coef?cients can have a sig 
ni?cant impact on the system performance. 

The apparatus, processes, and systems discussed above 
and the inventive principles thereof can alleviate problems 
caused by present approaches for estimating ?lter coeffi 
cients for decorrelating rake receivers as Well as offer a 
novel and advantageous methodology for providing such 
?lter coef?cients for use, for example in a Wireless commu 
nications receiver or device. Using the above discussed 
principles of providing autocorrelation parameters for a 
signal, calculating or determining the ?lter coe?icients using 
these autocorrelation parameters and desired signal infor 
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12 
mation in a direct, deterministic, and de?nite manner to 
yield explicit, precise and optimum coefficients, and using 
these coef?cients to con?gure a plurality of ?lters for a 
decorrelating rake receiver Will facilitate a cost effective, 
ef?cient, and practical process for reducing MAI and thus 
increasing system capacity and contributing to user satis 
faction. 

It is expected that one of ordinary skill given the above 
described principles, concepts and embodiments Will be able 
to implement other alternative procedures and structures that 
may be communications device or protocol dependent and 
that Will also offer additional quick and e?icient procedures 
for facilitating ?lters for a decorrelating rake receiver. It is 
anticipated that the claims beloW cover many such other 
procedures and structures. 

This disclosure is intended to explain hoW to fashion and 
use various embodiments in accordance With the invention 
rather than to limit the true, intended, and fair scope and 
spirit thereof. The foregoing description is not intended to be 
exhaustive or to limit the invention to the precise form 
disclosed. Modi?cations or variations are possible in light of 
the above teachings. The embodiment(s) Was chosen and 
described to provide the best illustration of the principles of 
the invention and its practical application, and to enable one 
of ordinary skill in the art to utiliZe the invention in various 
embodiments and With various modi?cations as are suited to 
the particular use contemplated. All such modi?cations and 
variations are Within the scope of the invention as deter 
mined by the appended claims, as may be amended during 
the pendency of this application for patent, and all equiva 
lents thereof, When interpreted in accordance With the 
breadth to Which they are fairly, legally, and equitably 
entitled. 

What is claimed is: 
1. A decorrelating rake receiver comprising: 
a plurality of ?lters arranged to be coupled to an input 

signal and to accept ?lter coef?cients, the plurality of 
?lters operable to provide a plurality of output signals; 

a coef?cient generator, arranged to be coupled to the input 
signal and the plurality of ?lters, to explicitly and 
de?nitely determine the ?lter coefficients for the plu 
rality of ?lters such that the plurality of ?lters perform 
a decorrelating rake process; 

a combiner, coupled to the plurality of ?lters, to combine 
the plurality of output signals and provide a received 
signal; and 

an autocorrelation processor coupled to the input signal to 
provide autocorrelation parameters to the coef?cient 
generator, the autocorrelation parameters correspond 
ing to the input signal; 

Wherein the coef?cient generator is further coupled to 
receiver identi?cation information, 

Wherein the coef?cient generator further comprises an 
inversion processor to provide a matrix inverse corre 
sponding to the autocorrelation parameters, and 

Wherein the inversion processor uses a recursive archi 
tecture to provide the matrix inverse. 

2. The decorrelating rake receiver of claim 1 Wherein the 
coef?cient generator combines the matrix inverse and the 
receiver identi?cation information to provide the ?lter coef 
?cients. 

3. The decorrelating rake receiver of claim 1 Wherein the 
recursive architecture further comprises a prediction calcu 
lator coupled to the autocorrelation parameters and further 
coupled to a matrix formulator, the prediction calculator and 
matrix formulator operable to provide the matrix inverse. 
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4. The decorrelating rake receiver of claim 3 Wherein the 
prediction calculator uses a Levinson Durbin algorithm to 
provide predictive information to the matrix formulator and 
the matrix formulator provides the matrix inverse after a 
predetermined number of iterations. 

5. The decorrelating rake receiver of claim 1 Wherein the 
inversion processor uses a pipelined architecture to provide 
the matrix inverse. 

6. The decorrelating rake receiver of claim 5 Wherein the 
pipelined architecture further comprises a plurality of pre 
diction calculators and a plurality of matrix for'mulators inter 
coupled and operable to provide the matrix inverse. 

7. The decorrelating rake receiver of claim 6 Wherein each 
of the prediction calculators uses a Levinson Durbin algo 
rithm to provide predictive information to a corresponding 
one of the matrix formulators With a last one of the matrix 
formulators providing the matrix inverse. 

8. The decorrelating rake receiver of claim 1 used in one 
of a Wireless communication device and a Wireless commu 
nication base transceiver. 

9. A method of determining ?lter coef?cients for a deco 
rrelating rake receiver, the method comprising: 

providing autocorrelation parameters corresponding to an 
input signal and desired signal information; and 

determining, precisely and directly, the ?lter coefficients 
for a plurality of ?lters such that the plurality of ?lters 
Will operate to perform a decorrelating rake process, the 
?lter coefficients being a function of the autocorrelation 
parameters and the desired signal information, 

Wherein the determining the ?lter coef?cients further 
comprises providing a matrix inverse corresponding to 
the autocorrelation parameters, and 

Wherein the providing the matrix inverse further com 
prises using a recursive process to provide the matrix 
inverse. 

10. The method of claim 9 Wherein the determining the 
?lter coefficients further comprises combining the matrix 
inverse and the desired signal information to provide the 
?lter coefficients. 

11. The method of claim 9 Wherein the using the recursive 
process further comprises using a Levinson Durbin algo 
rithm and the autocorrelation parameters to provide predic 
tive information and iteratively formulating a sub matrix to 
provide the matrix inverse after a predetermined number of 
iterations. 

12. The method of claim 9 Wherein the providing the 
matrix inverse further comprises using a pipelined process to 
provide the matrix inverse. 

13. The method of claim 12 Wherein the using the 
pipelined process further comprises using a Levinson 
Durbin algorithm and the autocorrelation parameters to 
sequentially provide predictive information and sequentially 
formulating a sub matrix to provide the matrix inverse after 
a predetermined number of formulations of the sub matrix. 

14. The method of claim 9 used in one of a Wireless 
communication device and a Wireless communication base 
transceiver. 

15. A signal processor arranged and constructed to deter 
mine ?lter coef?cients for a decorrelating rake receiver, the 
signal processor When executing softWare instructions being 
operable to: 

provide autocorrelation parameters corresponding to an 
input signal; and 

compute, explicitly With a predetermined number of com 
putations, the ?lter coef?cients for a plurality of ?lters 
such that the plurality of ?lters Will operate to perform 
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14 
a decorrelating rake process, the ?lter coefficients being 
a function of the autocorrelation parameters and desired 
signal information; 

Wherein the signal processor is further operable to com 
pute the ?lter coef?cients by providing a matrix inverse 
corresponding to the autocorrelation parameters and 
combine the matrix inverse and the desired signal 
information to provide the ?lter coefficients, and 

Wherein the signal processor is further operable to provide 
the matrix inverse by using a recursive process to 
provide the matrix inverse, the recursive process com 
prising iteratively employing a Levinson Durbin algo 
rithm and the autocorrelation parameters to provide 
predictive information and iteratively formulating a sub 
matrix using the predictive information to provide the 
matrix inverse after a predetermined number of itera 
tions. 

16. The signal processor of claim 15 further operable to 
provide the matrix inverse using a pipelined process to 
provide the matrix inverse, the pipelined process comprising 
using a Levinson Durbin algorithm and the autocorrelation 
parameters to sequentially provide predictive information 
and sequentially formulating a sub matrix using the predic 
tive information to provide the matrix inverse after a pre 
determined number of formulations of the sub matrix. 

17. The signal processor of claim 15 used in one of a 
Wireless communication device and a Wireless communica 
tion base transceiver. 

18. A Wireless communication device for receiving a 
spread spectrum signal, the Wireless communication device 
comprising: 

a receiver front end to receive a composite spread spec 
trum signal and provide a sampled spread spectrum 
signal corresponding to the composite spread spectrum 
signal; 

a plurality of ?lters arranged to be coupled to the sampled 
spread spectrum signal, the plurality of ?lters having 
respective characteristics de?ned by ?lter coefficients 
and being operable to provide a plurality of output 
signals; 

a coef?cient generator, arranged to be coupled to auto 
correlation parameters corresponding to the sampled 
spread spectrum signal and a spreading code informa 
tion corresponding to the spread spectrum signal, to 
explicitly and de?nitely determine the ?lter coefficients 
such that the plurality of ?lters perform a decorrelating 
rake process; 

a coherent combiner to combine the plurality of output 
signals and provide a composite sampled output signal 
having a reduced level of multiple access interference; 
and 

a despreader to despread the composite sampled output 
signal to provide the spread spectrum signal, 

Wherein the coef?cient generator further comprises an 
inversion processor to provide a matrix inverse corre 
sponding to the autocorrelation parameters and to com 
bine the matrix inverse and the spreading code infor 
mation to provide the ?lter coefficients, and 

Wherein the inversion processor uses one of a recursive 
architecture and a pipelined architecture to provide the 
matrix inverse. 

19. The Wireless communication device of claim 18 
Wherein the inversion processor further comprises a predic 
tion calculator coupled to the autocorrelation parameters and 
further coupled to a matrix formulator, the prediction cal 
culator and matrix formulator operable to provide the matrix 
inverse. 
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20. The Wireless communication device of claim 19 
wherein the prediction calculator uses a Levinson Durbin 
algorithm to provide predictive information to the matrix 
formulator and the matrix formulator provides the matrix 
inverse after a predetermined number of calculations. 

21. The Wireless communication device of claim 18 
Wherein the spread spectrum signal is a code division 
multiple access signal. 

16 
22. The Wireless communication device of claim 18 

Wherein the coef?cient generator to explicitly and de?nitely 
determine the ?lter coe?icients folloWs a process that yields 
a de?nite and precise result for the ?lter coef?cients after a 
predetermined number of operations that corresponds to the 
number of autocorrelation parameters. 

* * * * * 


